Introduction
When the muscular strength of the lower limbs deteriorates, it is common for humans (particularly the elderly) to stand up with assistance from their upper limbs. In such cases, because the thighs, the trunk and the upper limbs consist of a closed link from the knee joint upwards, the hip joint moment cannot be determined as an inverse problem from positional information concerning the joints alone. Accordingly, this study attempts to analyze the inverse dynamics of the lower limb moments by measuring the force acting of the lower limbs from the hands as well as the floor reaction force.
Methods
It seemed reasonable to think that a standing-up motion could be approximated two-dimensional model on sagittal plane. Consequently, Shown in Fig.1 are the lower limb segments, linkage model on sagittal plane of, which are rigid objects connected by joints. The external forces acting on the linkage model are three vectors: acting on the foots from floor (Ff); acting on the buttocks via the chair from floor (Fb); and acting on the lower limbs from the hands (Fc). T1, T2 and T3 are the moments of each joint obtained by the conventional Newton-Euler method.
Ten healthy adult males, with an average age of 25.3 years, participated in the experiment, which analyzed the joint angles and joint moment of the lower limbs over four conditions, based on two chair heights (48 cm and 56 cm) and whether or not the hands were on the thighs. The resultant data were calculated average of three trials with respect to the each condition.
Results & Discussion
As a typical example, stick pictures of standing up and forces acting on the lower limbs based on low chair is shown in Fig. 2 . The moments of each joint were analyzed by those data. Shown in Fig. 3 are the data from results without assistance. The resultant data with assistance are shown in Fig. 4 .
In the case of standing up without assistance from the upper limbs, flexion moments were observed in each lower limb, together with flexion of the hip joint at the start of the motion. Also, the hip and knee extension moments reached maximum levels just after the buttocks left the chair, after which these moments declined as the standing posture was maintained. On the other hand, in the case of standing up with assistance from the upper limbs, the flexion of the hip joint increased at the start of the motion. Moreover, the maximum value for the knee extension moment decreased greatly, and the hip and ankle extension moments had a tendency to increase as the buttocks left the chair. As a measure of the load on the knee, shown in Fig. 5 is the average of maximum values for the knee extension moment. Also, the average of maximum values for length of moment arm, distance between the knee joint and the vector of acting on foots from floor, is shown in Fig.6 . In each result, the loads on the knee joint when standing up was reduced due to the assistance or the high chair.
With assistance from the upper limbs when standing up, it was possible to shift the body load forward smoothly through a larger flexion of the hip joint. Consequently, the maximum values for the knee extension moment was reduced due to reductions in the maximum length of the moment arm at knee joint. It follows from this that the action hands are on thighs has meaning as the strategy for reduction loads on lower limbs when standing up. A flexion of the hip joint by bending the body forward at the start of the motion accounts for the increase of roads for the extension in the lower limbs after the buttocks left the chair. However, standing up with assistance is believed to be due to given priority to a larger reduction of the loads on knee. Additionally, preparatory flexion in the lower limbs to raise the upper bodies when standing up without assistance was observed may be eliminated in the case of standing up with assistance.
